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| For each strip, scan every MiU (each MCU includes at least _I 
65 one Cibblock, and one Or blurik) ct JPEG data. 

Calculate the average DC value, FDC ,and AC value, FAQM 
the DCT coefficients of the at least one Y block. 

Classify each MCU block in q luminance levels based on FDCValue:| 

For each luminance level within each strip, store locations of two 
MCU blocks which have minimum FAQ values. 

After JPEG decoding, calculate the variance of Y for every stored 
7 MCU block. 

0: 
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0: 

Estimate the noise level for the Y channel, by ordering those MCU 
53 blocks based on its Y variance 

Estimate the noise level of Cb ,Cr channel, after selecting MCU block 
for the Y Channelv by averaglng all C1,,Or variances of every selected 
MCU black. 
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Separate the input image into p uniform strips. 2 

\ . 
For each strip, scan every MCU (each MCU includes at least 
one Cbblock, and one Cr block) of JPEG data. 

Calculate the average DC value, FDC ,and AC value, FAC.,of 
54 the DCT coefficients of the at least one Y block. 

Classify each MCU block in q luminance levels based on FDCValues. 

l 

For each luminance level within each strip, store locations of two 
65 MCU blocks which have minimum FAC values. 

After JPEG decoding, calculate the variance of Y for every stored 
MCU block. 

Estimate the noise level for the Y channel, by ordering those MCU 
55 blocks based on its Y variance 

Estimate the noise level of Cb ,Cr channel, after selecting MCU block 
for the Y Channel, by averaging all Cb,Cr variances of every selected 
MCU block. 

FIG. 6 
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IMAGE NOISE LEVEL ESTIMATION FROM 
JPEG DATA 

FIELD OF THE INVENTION 

The present invention relates, in general, to image process 
ing of JPEG (Joint Photographic Experts Group) formatted 
data. More speci?cally, the present invention relates to sys 
tems and methods for estimating noise levels in JPEG images. 

BACKGROUND OF THE INVENTION 

Many compression algorithms are knoWn. One such com 
pression algorithm is the JPEG standard. The JPEG (Joint 
Photographic Experts Group) is the name of a committee and 
the name of the international standard adopted by that com 
mittee Which applies to compression of graphic images (pic 
tures). The JPEG standard is one of the most popular and 
comprehensive continuous tone, still frame compression 
standards. JPEG de?nes a lossy baseline coding system, 
Which is based on the Discrete Cosine Transform (DCT). 

Lossy image compression refers to a technique Wherein the 
compressed data cannot be decompressed into an exact copy 
of the original image, i.e., there is a loss of quality of the ?nal 
image. An important goal in lossy image compression is to 
achieve maximum compression While still obtaining high 
image quality of the decompressed image. Too great of a 
compression amount often introduces unacceptable artifacts 
into the decompressed image. 

In the JPEG lossy baseline system, compression is per 
formed by ?rst dividing the image into non-overlapping 
blocks of size 8 by 8 pixels, Which are processed in an order 
from left to right, top to bottom. After a normalization step, a 
tWo-dimensional DCT is applied to each block. This trans 
form, similar to a Fourier transform, produces a transformed 
block (matrix) in the frequency domain. The ?rst coef?cient 
(location 0, 0) in the transformed block is a constant that 
represents the average or DC component of the 64 image 
elements (pixels) included in each image block. The remain 
ing coe?icients, Which represent AC components of the 64 
image elements, describe higher frequencies found in the 
block. 

The DCT coef?cients are then quantized using a de?ned 
quantization table and reordered using a zigzag pattern to 
form a one-dimensional sequence of quantized coe?icients. 
Lossless entropy coding, such as Huffman coding, may then 
be applied to the resulting sequence to produce the com 
pressed data. 

Although there are a number of settings that may be pre 
de?ned to achieve different compression ratios, one param 
eter, called the quality factor, may be adjusted in JPEG com 
pression. The quality factor is a single number in an arbitrary, 
relative scale and is often adjusted on an image-by-image 
basis. A higher quality factor provides a relatively high qual 
ity decompressed image, but requires a relatively large ?le 
(less compression). A loWer quality factor provides greater 
compression With a correspondingly smaller ?le size. There 
may be more visible defects or artifacts, hoWever, in the 
decompressed image. 

In many image processing application programs, such as 
image noise removal, image segmentation, etc., accurate 
knowledge of the noise level present in the image is of crucial 
importance for tuning the parameters of the corresponding 
algorithms. When applying a post processing algorithm, or 
after market softWare, to enhance the output images from 
digital cameras, the noise present in the images may signi? 
cantly impact the effectiveness of the image processing. Pre 
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2 
cise information about the noise present in these images may 
be used, hoWever, for improving the performance of these 
algorithms, by tuning the parameters of the algorithms to the 
noise level. 

In today’s digital images, the type and level of the noise 
generated by a digital camera depends on the series and brand 
of the camera, as Well as the camera settings (ISO, shutter 
speed, aperture and ?ash on/off). The noise level also varies 
based on the pixel brightness level, as pixels exposed to more 
light generally have less noise. In addition, the noise level 
varies depending on the pixel location, as pixels located on a 
boundary are exposed to less light than pixels located in the 
central of the image area due to the limitation of an optical 
lens. The noise level, therefore, is not uniformly distributed in 
digital images, While most image processing algorithms 
assume a uniformly distributed noise level. 
As Will be explained, the present invention provides a 

system and method for estimating noise levels in JPEG 
images, so that after market softWare may improve perfor 
mance of post processing of JPEG image data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exemplary JPEG coding system. 
FIG. 2 is an exemplary JPEG decoding system. 
FIG. 3 illustrates an image scan structure including coded 

data and various marker codes. 
FIG. 4 illustrates a minimum coded unit (MCU) in a 4:2:2 

JPEG stream, including tWo Y blocks (Y1 and Y2), one Cr 
block, and one Cb block. 

FIG. 5 is a functional block diagram depicting a method for 
estimating image noise levels and their respective locations in 
a J PEG image, in accordance With an embodiment of the 
present invention. 

FIG. 6 is a How diagram depicting a method for estimating 
noise levels in a JPEG image stream, in accordance With an 
embodiment of the present invention. 

FIG. 7 is a functional block diagram depicting a system for 
determining noise levels of a JPEG image, in accordance With 
an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

In image processing applications, such as image noise 
removal and image segmentation, accurate knoWledge of the 
noise level present in the image is of crucial importance for 
tuning the parameters of corresponding image processing 
algorithms. The noise level varies depending on the pixel 
brightness level and the pixel location. The noise level is, 
thus, not uniformly distributed in a digital image. The present 
invention assumes that the noise level present in an image is 
not uniformly distributed and, accordingly, determines the 
noise levels of the image at different locations across the 
image plane. 
As Will be explained, the present invention estimates noise 

levels in JPEG formatted image data and uses DCT coef? 
cients from a JPEG stream to locate ?at blocks having differ 
ent luminance levels. The noise level (noise variance) is esti 
mated from these ?at blocks. The results of the present 
invention may be used by any post-processing algorithms, or 
after market softWare, Where accurate noise level estimation 
is required. It Will be understood that the present invention 
may also be used for estimating noise levels in an MPEG 
(Moving Picture Expert Group) data stream. 

Referring ?rst to FIG. 1, there is shoWn a system for coding 
a JPEG image. As shoWn, input image data is divided into 
blocks, each consisting of 8x8 pixels, by block forming cir 
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cuit 12. Each of these blocks is subjected to tWo-dimensional 
DCT (discrete cosine transform) calculation by DCT circuit 
13 to be converted into a spatial frequency component (DCT 
coe?icient) consisting of one DC component (DC) and 63 AC 
components (AC). A quantization circuit 14 quantizes the 
obtained frequency components by dividing them With pre 
determined quantization coef?cients. The quantized fre 
quency components are separated into DC and AC compo 
nents and coded by different algorithms. Different 
quantization coef?cients may normally be used in units of 
frequency components. For example, a quantization coef? 
cient for a loW-frequency component, Which is visually 
important, may be set to a smaller value than one for a high 
frequency component. With such quantization, high-fre 
quency components Which have loW visual importance may 
be cut, and the data size may thus be reduced. 

Each of the separated DC components is inputted to dif 
ference circuit 15 and converted into a difference from the DC 
component of the immediately preceding block by utilizing 
high correlation With adjacent blocks. The obtained differ 
ences are inputted to Huffman coder 16 and subjected to 
one-dimensional Huffman coding, thereby obtaining coded 
data of the DC components. 
On the other hand, the AC components are inputted to scan 

circuit 18. The 63 AC components are sequentially zigzag 
scanned in the order from loW-frequency components Which 
are visually important to obtain a one-dimensional array. The 
one-dimensional array of AC components is inputted to dis 
criminator 19 and discriminated betWeen a value of each 
component being zero or being a value other than zero. A 
counter 20 counts the run length of zeros, and grouping circuit 
22 groups the coe?icients using their values. A combination 
of the run length and the group values is inputted to Huffman 
coder 21 and subjected to tWo-dimensional Huffman coding, 
thus obtaining coded data of the AC components. The AC 
coded data and the DC coded data are combined in addition 
circuit 17 to form JPEG coded data. With the addition of 
marker codes and the like, JPEG data shoWn in FIG. 3 is 
obtained. 

Referring next to FIG. 3, coded data and various marker 
codes constitute an image/frame/scan hierarchical structure. 
More speci?cally, the JPEG data is constituted by an SOI 
(Start Of Image) code, a frame, and an EOI (End Of Image) 
code. In the case of hierarchically coded data, the frame 
includes a plurality of frames in units of layers; otherWise, the 
frame consists of a single frame. Furthermore, the frame is 
constituted by an SOF (Start Of Frame) code, a frame header, 
and scans; and each scan is constituted by an SOS (Start of 
Scan) code, a scan header and coded data. 
Each scan shoWn in FIG. 3 includes a plurality of scans 

When luminance data (Y) and tWo color difference data (Cr, 
Cb) are separately coded (non-interleave), or consists of a 
single scan When data is coded Without separating data (inter 
leave). 
As de?ned by the present invention, a minimum coded unit 

(MCU) for a 4:2:2 JPEG stream includes tWo Y blocks 
(shoWn as Y1 and Y2 in FIG. 4), one Cb block and one Cr 
block (shoWn, respectively, as Cb and Cr in FIG. 4). It Will be 
appreciated, hoWever, that there are different JPEG streams. 
The tWoYblocks (Y1 andY2) shoWn in FIG. 4 assume a 4:2:2 
JPEG stream (4Y:2Cr:2Cb). Other JPEG streams, for 
example, include 4:4:4, 4:2:0 and 4:1:1 JPEG streams. The 
present invention may be extended to include these other 
JPEG streams. 
A JPEG decoding system is shoWn in FIG. 2. As shoWn, 

input JPEG data is decoded by decoder 25 on the basis of a 
Huffman table added to the JPEG data. The decoded DC 
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4 
component is added to the immediately preceding block by 
adder 26, and the decoded AC components are re-arranged by 
re-arrangement circuit 27 to be restored to an original tWo 
dimensional array. Thereafter, the respective frequency com 
ponents are de-quantized by inverse quantization circuit 28, 
on the basis of a quantization coe?icient table added to the 
JPEG data and subjected to an inverse DCT in IDCT circuit 
29. In this manner, the JPEG data is restored to image data 

(decoded data). 
The above described systems are basic in the JPEG 

method. It Will be appreciated, hoWever, that extended sys 
tems adopting various kinds of hierarchical coding have also 
been approved and are applicable for use by the present 
invention in estimating noise levels in a JPEG image, or 
images. 

Referring next to FIG. 5, there is shoWn an embodiment of 
the present invention, generally designated as method 50. As 
shoWn, method 50 includes input image 51 Which is divided 
into four strips (as an example). Each strip 51a to 51d includes 
eight (for example) selected MCU blocks 56, each MCU 
block 56 includes at least tWo luminance blocks, Y1 and Y2, 
and tWo color difference blocks, Cr and Cb. It Will be appre 
ciated that in a 4:4:4 format, hoWever each MCU block 56 
includes only one Y block. In the exempli?ed embodiment, 
for each strip, there are tWo (for example) MCU blocks for 
each different luminance level.As shoWn, for each strip, there 
are tWo MCU blocks for each of four (for example) different 
luminance levels. Thus, there are, as shoWn, 32 MCU block 
locations for the four exempli?ed strips. 

Next in the method, as Will be explained, the 32 (for 
example) MCU blocks are rearranged to ?t Within the four 
(for example) different luminance levels, designated by 52. 
Thus, each of the four luminance levels 52 includes eight 
MCU blocks 56. 

Next, as Will also be explained, the 32 (for example) MCU 
blocks are ordered by Way of a constrained order statistics 
?lter, shoWn designated as 53. The ordering is based on the 
variance values of each of the 32 MCU blocks. Finally, the 
method selects one (for example) MCU block for each of the 
four luminance levels. The four selected MCU blocks are 
shoWn designated as 54. 
Method 50 Will noW be explained in detail by referring to 

FIGS. 5 and 6. Given a JPEG image, the processing steps of 
method 50 for noise level estimation is described as folloWs: 

(Step 61) Separate the input image 51 into p uniform strips 
(p:4 as an example in FIG. 5). 

(Step 62) For each strip, scan every MCU (For a 4:2:2 
J PEG stream, for example, each MCU includes tWoY blocks, 
one Cb block, and one C, block) of J PEG data. 

(Step 63) Calculate the average DC value F DC and average 
AC value F AC for every MCU block. The calculation is per 
formed as folloWs for a 4:2:2 JPEG stream: 

7 

FAC = 

Where d(i, j) is the DCT coef?cients of aY block shoWn in 
FIG. 4. 

(Step 64) Classify each MCUblock into q luminance levels 
based on the calculated F DC values. Accordingly, if q:4, for 
example, the folloWing classi?cation may be used: 
Luminance Level 1: if (F DC>—1000 && F 1702-700) 
Luminance Level 2: if (F DC>—700 && F DC; —250) 
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Luminance Level 3: if (FDC>—250 && P1702200) 
Luminance Level 4: if (FDC>200 && P1362700) 
It Will be appreciated that for 131702-1000 or for FDC>700, 

the image pixel value is more likely to be cropped. Therefore, 
such luminance value is not considered as a candidate block 
for noise estimation. 

(Step 65) For each luminance level Within each strip, store 
locations of tWo (for example) MCU blocks Which have mini 
mum PAC values. For (1:4, for example, a maximum of 8 
MCU block locations are stored for each strip, and a maxi 
mum of 32 MCU block locations are stored for the Whole 
image (image 51 in FIG. 5). 

(Step 66) After JPEG decoding, calculate the variance ofY 
for every stored MCU block. The variance of Y may be 
calculated as folloWs for a 4:212 JPEG stream: 

7 7 

2 (Mi. 1') — Meanmf 
‘:0 j:0 

Where YY1(i, j) andYY2(i, j) are decodedY coe?icients for 
the Y1 and Y2 blocks, and 

Meann Y2 is the meanY value of theY1 andY2 blocks, and 
may be de?ned as folloWs: 

7 

Meannrz = 

7 

2 (Mi. 1') + mi. j))/128 
:0 

It Will be appreciated the denominator of 128 is the total of 64 
Y1 and 64 Y2 pixels. 

(Step 67) Next the noise level for the Y Channel is esti 
mated as folloWs: 

For the stored MCU blocks in each luminance level L 
(l éLéq), order the stored MCU blocks based on each MCU 
block’sY variance of o2MCU(L)(,-) 

Where (léiéN, N is the total valid MCU blocks Within 
each luminance level). 

Assume this order is given by 

In general, pixels exposed to less light have more noise. 
Therefore, the noise existing in luminance level L is likely 
higher than the noise existing in luminance level L+ 1. There 
fore, the present invention uses noise estimation of in a loWer 
luminance level as guidance to form a constrained order sta 
tistic ?lter (as shoWn in FIG. 5 by element 53). 

The noise variance 021, L for a luminance level L may be 
estimated from an MCU block that satis?es the folloWing 
criteria: 

else if and 

2 
U'Mcumm , else 

Where 6 is a threshold value. 
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6 
Thus, one MCU block may be selected for each luminance 

level, as shoWn by element 54 in FIG. 5. The meanY value of 
each selected MCU block 56 is saved in memory for use by 
after market softWare. 

If desired by the user, a more accurate noise estimation of 
the Y channel may be obtained. This step, hoWever, may be 
omitted. If desired, after selecting the noise blocks for the Y 
channel, the user may select a larger WindoW siZe (for 
example a 128x128 pixel array), and again calculate the vari 
ance. 

(Step 68) Noise estimation of the Cb, C, channel may be 
determined as folloWs: After selecting the MCU blocks for 
theY Channel in step 67, the noise variance estimation of the 
Cb, C, channel is simply the average of all Cb, C, variances of 
every selected MCU block. 
The above process steps provide q noise level estimations 

corresponding to the different luminance levels (or mean Y 
values). It Will be appreciated, hoWever, that an interpolation 
step may be used When image processing algorithms require 
the noise level for every luminance level (continuous noise 
level estimation). 

Referring next to FIG. 7, there is shoWn a functional block 
diagram of a system for estimating noise level in an image, the 
system designated as 70. As shoWn, JPEG data is received by 
?at block detector 72, Which selects ?at blocks With different 
luminance levels. Noise level estimator 80 receives the 
selected ?at blocks and the luminance levels and estimates the 
noise for the different luminance levels. 

Referring ?rst to ?at block detector 72, block former 74 
outputs MCU blocks, each including, for example, tWo Y 
blocks and one Cb block and one C, block for a 422 JPEG 
stream. DCT former 76 receives the MCU blocks and pro 
vides DCT coef?cients for each MCU block. Calculator 77 
receives the DCT coe?icients and calculates average DC 
values andAC values of these DCT coef?cients located in the 
Y blocks. Classi?er 78 receives the DC values from calculator 
77 and provides a set of luminance levels for the image. 
Selector 79 receives the AC values from calculator 77 and 
selects tWo minimum values of the AC values. The data 
blocks corresponding to the tWo minimum AC values are 
stored in memory. 

Referring next to noise level estimator 80, decoder 82 
decodes the selected MCU blocks to provide image data to 
calculator 84. The calculator 84 receives the decoded data 
blocks corresponding to the selected coded data blocks and 
determines a variance (var) for each one of these blocks. This 
is done for each luminance level. Order statistic ?lter 86 
receives the calculated variances from calculator 84 and 
orders the variances for ?nal selection by selector 88. Selector 
88 selects a single noise variance for every luminance level. 

It Will be appreciated that FIG. 7 may be arranged differ 
ently. For example, the calculator, selector and classi?er may 
be softWare modules executed by a single processor. Simi 
larly, the order statistic ?lter may also be a softWare module 
executed by a processor. The partitions shoWn in FIG. 7 are 
for explanation purposes only. 

Although the invention is illustrated and described herein 
With reference to speci?c embodiments, the invention is not 
intended to be limited to the details shoWn. Rather, various 
modi?cations may be made in the details Within the scope and 
range of equivalents of the claims and Without departing from 
the invention. In the exemplary embodiment described above, 
the number of strips of an image and the number of luminance 
levels Were assumed to be the same (4 for example). It Will be 
understood, hoWever, that these numbers may be different 
from each other. Furthermore, more than tWo MCU blocks 
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may be selected for each luminance level and more than one 
estimate may be made for the noise level in each luminance 
level. 

What is claimed: 
1. A method for estimating noise levels in an image com 

prising the steps of: 
determining direct current (DC) values and alternating cur 

rent (AC) values of discrete cosine transform (DCT) 
coef?cients in each of selected data blocks of a coded 
image; 

classifying the selected data blocks into categories of lumi 
nance levels, based on the determined DC values; 

decoding the coded image into a decoded image; 
calculating a variance for each of the selected data blocks 

in the decoded image; 
ordering, based on intensity levels, the calculated variances 

into the categories of luminance levels; and 
selecting a calculated variance from each of the categories 

as a noise level for that category. 
2. The method of claim 1 including the step of: 
storing block locations corresponding to each of the 

selected variances. 
3. The method of claim 1 Wherein receiving selected data 

blocks includes 
receiving a minimum coded unit (MCU) in a Joint Photo 

graphic Experts Group (J PEG) data stream, Where each 
MCU includes luminanceY blocks, and color difference 
blocks of Cb and Cr. 

4. The method of claim 1 Wherein determining DC values 
of the DCT coef?cients includes 

calculating an average DC value by averaging DC values of 
respective DCT coe?icients in the Y blocks. 

5. The method of claim 4 Wherein determining AC values 
of the DCT coef?cients includes 

calculating an average AC value by averaging AC values of 
respective DCT coef?cients in theY blocks and subtract 
ing the calculated DC value. 

6. The method of claim 5 Wherein 
determining the DC and AC values of the DCT coef?cients 

is based on eachY block having an 8x8 array of pixels. 
7. The method of claim 6 further including the step of: 
storing locations of at least one Y block Which has mini 
mum average AC values. 

8. The method of claim 1 Wherein classifying the selected 
data blocks into categories includes 

dividing a range of luminance intensities into a plurality of 
luminance levels, and 

placing each of the selected data blocks into the plurality of 
luminance levels, based on a respective DC value of each 
of the selected data blocks. 

9. The method of claim 8 Wherein 
the range of luminance intensities varies betWeen —1000 

and +700, and 
the plurality of luminance levels is four levels ?tted Within 

the range of luminance intensities. 
10. The method of claim 1 including the step of: 
storing locations of at least tWo selected data blocks, Which 

are determined to have minimum average AC values, for 
each category of the luminance levels; and 

Wherein the step of calculating the variance includes 
calculating the variance for each of the at least tWo selected 

data blocks for each category of the luminance levels. 
11. The method of claim 1 including the steps of: 
dividing the coded image into a plurality of strips, and 
the steps of determining and classifying are performed for 

each strip of the plurality of strips. 
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12. The method of claim 1 including the step of: 
receiving selected data blocks including at least one Y 

block in every minimum coded unit (MCU) in a data 
stream, and 

selecting a calculated variance includes selecting one cal 
culated variance for the receivedY block for each cat 
egory of luminance levels. 

13. The method of claim 12 Wherein receiving the selected 
data blocks includes 

receiving Cb and Cr blocks in every MCU in the data 
stream; and 

the method further includes the step of: 
estimating noise levels in the Cb and Cr blocks. 
14. A method for estimating noise levels in a Joint Photo 

graphic Experts Group (JPEG) data stream comprising the 
steps of: 

receiving a minimum coded unit (MCU) of a JPEG data 
stream, including luminance Y blocks, and color differ 
ence blocks of Cb and Cr; 

determining direct current (DC) and alternating current 
(AC) values of discrete cosine transform (DCT) coef? 
cients in the Y blocks; 

placing the determined DC values into a range of values, 
Wherein the range includes a plurality of luminance lev 
els; 

for each luminance level, selecting at least tWo blocks 
determined to have minimum AC values; 

for each luminance level, selecting one of the at least tWo 
blocks, based on order statistic ?ltering; and 

for each luminance level, outputting the selected one block. 
15. The method of claim 14 Wherein 
the determined DC andAC values are based on an 8x8 pixel 

array forming a block. 
16. The method of claim 14 Wherein 
the plurality of luminance levels includes at least four 

luminance levels. 
17. The method of claim 14 including the step of: 
for each luminance level, outputting a noise level for the 

selected one block. 
18. The method of claim 14 including the steps of: 
dividing an image into a plurality of strips, and 
repeating the steps of receiving, determining, placing, stor 

ing, selecting and outputting for each of the strips. 
19. A system for estimating noise levels in a data stream 

comprising 
a ?rst calculator for determining direct current (DC) and 

alternating current (AC) values of discrete cosine trans 
form (DCT) coef?cients in coded data blocks, 

a classi?er for forming a plurality of luminance levels, 
based on the calculated DC values, 

a ?rst selector for selecting at least tWo coded data blocks 
having minimum AC values provided by the ?rst calcu 
lator, for each of the luminance levels, 

a second calculator for determining a variance for each of 
decoded data blocks corresponding to the selected coded 
data blocks, for each of the luminance levels, 

an order statistic ?lter for ordering the decoded data blocks 
based on the calculated variances, and 

a second selector for selecting one of the decoded data 
blocks, for each of the luminance levels. 

20. The system of claim 19 including 
a block former coupled to the ?rst calculator for dividing 

the data stream into multiple strips of an image and 
forming the coded data blocks for each of the multiple 
strips. 


